Europaisches 
Patentamt 



Refill t pro l2APR2!Bffl |£/^?tOli 

^CT/IB0 3 / 0 4 0.41 
-15.03.03 



European 
Patent Office 



Office europien 
des brevets 



REffo 29 SEP 2003 



Beschel n i g u ng Certificate 



Attestation 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprQnglich eingererchten 
Fassung der auf dem n3ch- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung Qberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fix6s k 
cette attestation sont 
conformes k la version 
initialement d6posSe de 
la demande de brevet 
europ^en sp6cifiee d la 
page sulvante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n^ 

02079357.6 



BEST AVAIUBLE COPY 



Der President des EuropSischen Patentamts; 
Im Auftrag 

For the President of the European Patent Ofnce 

Le Pr^ldent de rofflce europSen des brevets 
p.o. 

R G van Dljk 

PRIORITY 

DOCUMENT j 

SUBMITTED OR TRANSMITTED IN | 
J COMPLIANCE WITH RULE 17.1(a) OR (b) I 






Office europ^en 
des brevets 



Anmeldung Nr: 

Application no.: 02079357.6 



Anmeldetag: 

Date of filing: 17.10.02 
Date de d^pdt: 



Demande no: 



Anmel der/AppI 1cant( s)/DeinandeurC s) : 

Koninklijke Philips Electronics N.V. 
Groenewoudseweg 1 
5621 BA Eindhoven 
PAYS-BAS 



Bezel chnung der Erf 1 ndung/TI tl e of the 1 nventi on/TI tre de 1 'Invention: 
(Falls die Bezelchnung der Erflndung nicht angegeben 1st, slehe Beschrel bung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est 1nd1qu6 se referer & la description.) 

Optical scanning device with tilt detection 

In Anspruch genommene PrlorlSt(en) / Prlorlty(les) claimed /Pr1or1t6(s) 
revendl qu€e( s) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./Pays/Date/Num^ro de dSpot: 



Internationale Patentklassif Ikatlon/Internatlonal Patent Classification/ 
Classification Internationale des brevets: 

.G11B7/00 



Am Anmel detag benannte Vertragstaa ten/Contracting states designated at date of 
flHng/Etats contractants d4s1gn6es lors du d€pdt: 

AT BE B6 CH CY CZ DE DK EE ES FX FR 6B GR IE IT LI LU MC ML PT SE SK TR 



02079357.6 

EPA/EPO/OEB Form 1014.2 - 01.2000 7001014 



2 




PHNL021015EPP 



Optical scanning device with tilt detection 



^T.n - ^ 17.10.2002 

2 X 1U. OTi 



10 



15 



20 



25 



This invention relates to an optical scanning device with a tilt detection 

function. 

In advanced optical scanning devices^ such as Digital Versatile Disk (DVD) 
type systems, a high numerical aperture (NA) objective lens is used to achieve high data 
capacities. A drawback is the small disk tilt margin due to the wavefix>nt aberrations^ in 
particular coma, introduced by the cover layer of the disk when the disk is tilted. Since the 
wavefiront aberrations inorease with tiie NA of the objective lens, disk tilt becomes more and 
more iniportant when higher numerical apertures are used. 

United States Patent No. 4,219,704 describes an optical scanning apparatus in 
which the tilt of the optical record carrier is measured. In one embodiment, the tilt is 
measured by means of a separate light soxarce with for example a different wavelength. In an 
alternative embodiment, tilt is measured by using radiation that is emitted from the back of a 
laser radiation source and is consequentiy separated from the read-out beam. Using a laser 
diode with back side emission is relatively complex and costiy. 

Japanese Patent Application No. JP-A-200076678 describes an optical 
scanning device in which the fix>nt &ce of the object lens is formed of first and second 
regions of mutually different curvatures. The central region, instead of focusing the radiation 
beam to a spot on the information layer in the disk, focuses tiie central part of the beam onto 
the front face of the disk. In the return beam path, a holographic element is used to spUt the 
central portion of the return beam to a positional detector. The use of a holographic element 
to separate the two beams is a relatively costiy solution. 

Japanese Patent Application No. JP-A-05006562 describes an optical scanning 
device including a tilt detecting system. The objective lens of the device includes a 
peripheral edge through which the beam passes without redirection, when travelling towards 
the optical record carrier. A half-mirror beam-splitter, acting only at the peripheral edge or 
ed^ at which the tilt detection part of the beam is present, reflects the return tilt detection 
part of the beam out of the main optical path towards a tilt detection optical system, which 
includes a position sensor. A separate optical path is required for the tilt detection system. 
Furthermore, integrating the half-minor with the actuator, as suggested in this arrangement. 
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increases the weight of ttie objective lens system and increases tiie power consumption of the 
mechanical actuator system for the objective lens system- It also reduces the bandwidth of 
the actuator, which hmits the scanning speed of the system. 

It would be desirable to detect characteristics of tilt in the system without the 
drawbacks of the prior art arrangements. 

In accordance with the present invention, there is provided an optical scanning 
~d^^'cyfor'gcami ing an optical Trecordrcarrierm^ — 
an optical system for focusing the radiation beam to a spot on an information layer in the 
record carrier, and a detection system comprising an mformation signal detector arranged to 
receive radiation from a maui part of a radiation beam after reflection of the main part at the 
record carrier and to detect an information signal therem, 

wherein the optical system comprises a redirecting structure arranged to 
redirect a part of a radiation beam, when travelling towards the record carrier, differentiy to a 
main part of the radiation beam, such that the redirected beam part follows a path which is 
different to that of a path followed by the main beam part, and 

wherein the detection system comprises a position sensitive detector for 
detecting a position of the redirected beam part. 

By use of the present invention, a tilt detection system is provided which does 
not require a separate tilt detecting branch in the optical system. The redirecting stmcture can 
for example be formed on a surface of an objective lens in the optical system and redirect a 
part of the main mformation signal detecting beam. After reflection from the optical record 
carrier, the redirected part may follow a path passing through the same optical components as 
the main beam, until the position sensitive detector is reached. 



Further aspects, advantages and features of the present invention will become 
apparent from the following description of preferred embodimMits of the invention, ^venby 
way of example, made with reference to the accompanying drawing, wherein: 
Figure 1 is a schematic side view of an optical scanning device in accordance with an 
embodiment of the invention; 

Figure 2 is apian view of a detection system arranged in accordance with an 
embodiment of the present invention; 

Figure 3 is a schematic cross-sectional view of an objective lens arranged in 
relation to a disk in accordance witii an embodiment of the invention; 
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Figure 4 is a plan view of a part of the surface of the objective lens shown in 

Figure 3; 

Figure 5 is a schematic cross-sectional view of an objective lens arranged in - 
relation to an optical disk in a further embodiment of the invention; 

Figure 6 is a cross-sectional view of a portion of the objective lens shown in 

Figure 5; 

Figure 7 is a schematic view of signal processing elements used in an 
embodiment of the invention; and 

Figure 8 is a gjcaph showing a relationship between disk tilt and an optimum 
objective tilt used in an embodiment of the invention. 

Au optical scanning device in accordance with an embodim^t of the 
invention is shown in Figure 1 . In this embodiment, the device is adapted for scamiing DVD- 
type disks. A radiation source 2, in tiiis embodiment a laser diode, emits a radiation beam 
with a predetermined wavelength, for example 660 nm. The radiation beam is collitnated by 
a collimator lens 6 and is focused on an information layer of the optical record carrier, in this 
embodiment a disk, by an objective lens with a predetermined focal length, for example 2.75 
mm. A quarter wave plate 8 and a polarizing beam splitter 4 are used to direct the reflected 
beam onto a detection system 16. A detector lens 14, such as an astigmatic lens, is used to 
provide focus control for the main beam part 15.- 

In addition to the main beam which passes through the optical system as 
desodbed above, a beam part 17 is separated out in the optical path for tilt detection purposes, 
and redirected towards a tilt detecting part of the detection system 16 to be detected 
separately ftom the main infonnation signal. The redirected beam part 17, after being 
redirected on its way to the record carrier 12 and reflection thereby, passes through each of 
the objective lens 10, the quarter vsrave plate 8, the collhnator lens 6 and the detector lens 14, 
each within the respective apertures thereof The collimator lens 6 focuses the redirected 
beam part 17 to a spot on a position sensitive detector in the detection system. 

Figure 2 illustrates an exemplary detector array used in the detection system 
16. The detector array includes a conventional quadrant detector 18 for detecting the 
information signal read firom an infonnation layer in the optical disk 12 and a focus error 
signal, and two push-pull radial tracking error detectors 20, 22 arranged to each side of the 
quadrant detector 18, for detecting a tracking error signal. Also included in the detection 
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system 16 is a two dimensional position sensing device 24, used for detecting both radial disk 
tilt and tangential disk tilt. In alternative embodiments, a one dimensional position sensing 
device may be used in place of the two dimensional position sensing device 24, to detect 
either a radial tilt or a tangential tilt alone. Further altematively, two one dimensional 
detectors may be used, along with two sets of redirecting structures, as will be described 
below, in order to separately detect both the radial disk tilt and the tangential disk tilt. 
-itt^iis-eEiAedjm^Va*«^®tiHg-stnietur^64s-prowded45i^^ 



25 of the objective lens 10, i.e. the surface closest to the radiation source 2, as shown in 
Figures 3 and 4. This structure can be located at any location of the lais, both inside and 
outside the ^erture used for scanning the information layer of the disk 12. The preferred 
location is in the center of the lens 10, as shown in Figure 3, since at this location the 
redirected beam part will measure the disk tilt at the main scanning spot location. Jn this 
embodiment, the back surflace 27 of the objective is planar. 

The redirecting structure 26 includes two oblique and flat areas A and B, each 
of which is inclined with respect to the surrounding lens surface, as is indicated in Figures 3 
and 4. In this embodimait, both areas are inclined at an angle i. In an alternative 
embodiment, the siuf aces are inclined at different angles. In a further alternative 
embodiment, the surface B is not included; the return beam part may instead pass through a 
substantially flat part of the objective front surface 25. A collimated beam part, represented 
by ray Ri, incident on area A, is redirected, when travelling parallel to the optical axis 28 of 
the lens 10, by the oblique surfece A and reflected by tiie disk, following which the beam part 
is again redirected by oblique surface B, as represented by ray Rr. The disk has a tilt 5 
relative to plane equivalent in orientation to the detector surface. The rays make the angles i, 
o', V, o, p, q, j and k as they are redirected and reflected as shown in Figure 3. Th© angle k 
relative to the optical axis 28 of tiie reflected ray Rr is as follows: 

/c=2((n -1)1+5) (1) 
In the above, small angle approximations are used and n is the refractive index 
of the body of the objective lens 10. The position x of the spot focused by a colUmator in the 
detector plane when the angle 6 is measured in the direction equivalent to tiiat ux which x is 
measured is: 

x=>9t=2/[(«-l)i+5] (2) 
where f is the focal length of the collimator and servo lens combination. Thus 
the non-tilt position of tiie reflected spot can be selected by appropriately selecting the tilt 
angle i of the obKque flat areas A and B, and is varied in dependence on the disk tilt 8. The 
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center of the position detector 26 is spaced firom the center of the quadrant detector 1 8 in the 
detector plane by a value of approximately 2f(n-l)u The only alignment required during 
manufacture is in the orientation of the objective lens 10 such that the oblique areas A and B 
are arranged with respect to the position detector so that the spot of the redirected beam part 
5 17 falls in the center of the detector 24 when an untilted disk portion is being scanned* 

Note that the angles shown in Figure 3 are schematic, and are exaggerated for 
illustrative purposes. The angle k which the redirected and reflected beam part 17 makes 
with the optical axis in the collimated part of the beam should be small enough, generally in 
the region 0<i<10^ such that the redirected beam part 17 passes through each of the 
10 components shown in Figure 1 and is redirected with respect to the main beam part. The 

angles should be sujBScient to separate the redirected beam part and the main beam part onto 
the respective diflFerent detector elements of the detection system 16. The radiation that is 
incident on the oblique area A is reflected back to the detector with an angle y and its position 
along an axis on ttie detector sxirface is x. Taking as an example the refractive index n=1.768 
15 for the body of the objective lens 10, i = 54.3 mrad, and a focal length of 12 mm for the 
collimator and the detector lens combination the x position is given by: 

X = 24(0.768 X 0.0543 + ^) « 1.00 + 245 mm (3) 
Assuming a maximum disktQt of 5 = ±2* (=±35 mrad) the minimum and 
maximum x positions are 0.16 mm and 1 .84 mm. The shift can be measured witih a positive 
20 sensitive detector in file detection system such as a HamamatsuS7848 detector. With a 

typical position error of say SO/mi, to tilt angle measurement accuracy of less than ± 0.1** can 
be achieved. 

Preferably, the redirectmg stracture 26 forms less than 5% of the cross- 
sectional area of the main beam part aperture. In this example, the Anteryon AO460 

25 objective lens type is used as the basis for the objective lens 10. The total area of the pupil of 
the objective lens is 10.07 mm^. The area of the center structure is for example 0.25 mm^ so 
2.5%, i.e. less than 5%, of the scanning radiation beam is not focused to a spot on the 
information layer of the disk 12, but is used for disk tilt measurement. This affects the shape 
of the main beam spot, but within acceptable tolerances. 

30 A further embodiment of the invention is shown in Figures 5 and 6, in which 

elements similar to the first embodiment are given the same reference numerals, except 
incremented by 100. 

Li this embodiment, an altraiative redirecting structure 126 is used which 
consists of two small inclined planar surfaces C and D, which are inclined at angles of a and 
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P with respect to the planar back surface 127 of the lens, which is a plane perpendicular to 
the optical axis of the lens. One incident beam part, represented by Ri, is redhrected and 
reflects at the disk and another incident beam part, represented by ray R2, reflects at the lens 
surfece. The angles a and p are preferably selected such that when the object lens and the 
5 disk are parallel the redirected and reflected rays Ri, Ra overlap. This condition is as follows: 

0=a^ (4) 

^ 

Where small angle approximations are used and n is the refractive index of the 
objective lens 1 10 for the radiation passing through the lens. When &e objective and disk 
are tilted with the same angle, the beam parts represented by rays Ri and Ra overly when 
10 travelling towards the detector, mdependent of the absolute tilt angles, providing these 
remain small. Taking for example a = 1.4° and n = 1.5 gives p = 7.0'. 
In Figure 5 the disk makes an angle 8 with respect to a plane equivalent to the detector plane. 
Taking small angle approximations, the angle between the beam part reflected at the 
objective lens surfece, represented by ray R2, and the beam part redirected and reflected at 
15 the disk, represented by ray Ri is 26. 

The position agnals of the two beam parts represented by rays Ri and R2 at the 
detector 24 are discriminated in the signal processing system associated with the detection 
system. In one embodiment, discrimination is provided by modulating the redirected beam 
part represented by ray Ri by placing a radiation inteimty modulator between the disk and 
20 objective lens. Then by demodulation, the detector signals can be discrinainated.' 

Alternatively, a different source, for example of a different wavelength, such as the additional 
CD laser which is available m CD-compatible DVD players, maybe used to produce a 
radiation beam jfrom which the reflected beam part is produced. This source can be switohed 
on and off indepraidently of die main beam source, and its contribution to the detector signals 

25 can thus be discriminated. 

Figure 6 shows the xise of an anti-reflection coating 130 on the remainder of 
the objective lens surface 125 and a high-reflection coating 132 on the redirecting stracture 
which are needed to separate the rays. The anti-reflection coating 130 is highly-transmissive 
to both the CD wavelength (e.g. 780 nm) and the DVD wavelength (e.g. 660 nm), whilst the 

30 high-reflection coating 132 is highly transmissive to the DVD wavelength and highly 

reflective to flie CD wavelength. The radiation beam from which the beam part r^resented 
by ray Ri is formed is emitted by the DVD laser and the radiation beam from which the beam 
part represented by ray R2 is formed is emitted by the CD laser. When the CD laser is 



PHNL021015EPP 




7 17.10.2002 
switched ofFthe signals from the detector correspond with the DVD beam part which is 
redirected and midergoes reflection at the disk 1 12. After switching the CD laser on, the 
second detector signals corresponding with both the beam parts undergoing reflection at the 
disk and objective lens respectively. Subtracting the detector signals obtained in the first 
5 measurement yields the signals generated by the CD laser beam part. Thus, both the DVD 
laser spot and CD laser spot positions on the detector 24 can be calculated, corresponding 
witii the disk tilt and objective tilt respectively. By intermittent switching ofUhe CD laser, 
the respective tilts can be measured dynamically. 

Alternatively, a similar discrimination effect can be achieved vice-versa, by 
10 using a hi^-reflection coating 132 which is highly transmissive to the CD wavelength and 
highly reflective to the DVD wavelengfli and again intermittently switching ihe CD laser on 
andofif. 

The sensitivity of the tilt angle measurement in this embodiment is the same as 
in the first embodiment, namely a disk tilt of ± 2^ can be measured with an accuracy of 0.07. 

1 5 An advantage of the present invention is that it can be incorporated in a three 

dimensional mechanical actuator that controls the tilt of the objective lens, hi the first 
embodiment, shown in Figures 3 and 4, the tilt of the objective lens 10 at dijfferent driving 
signals of the mechanical actuator can be calibrated and an appropriate driving signal to the 
detected disk can be used to compensate the disk tilt dynamically. 

20 In the second embodiment, shown in Figures 5 and 6, the tilt of the disk can be 

compensated using a servo loop as schematically illustrated in Figure 7. Once the diSk tilt 
signals and the objective tilt signals have been gaierated in the signal processing system, as 
represented schematically by the disk tilt signal generator 140 and the objective tilt signal 
generator 142, the two signals can be subtracted to derive an objective actuator control signal, 

25 which is used to control the objective actuator 144. In this way, the objective tilt can be 
made approximately equal to the disk tilt Absolute objective tQt control signals are not 
necessary* 

Figure 8 shows the optimum compensating objective tilt as function of the 
disk tilt The function is substantially linear with a slope of slightly less than 1 . The 
30 corresponding root mean square (RMS) aberrations have been calculated and are Usted in 

Table 1 below. Approximating the slope to 1, e.g. assuming the disk tilt and objective tilt are 
equal, as in the last column, results not in the optimum tilt compensation but still the RMS 
aberration is reduced substantial and is roughly 25% higher than in the optimum case. 
Assuming a manufactured objective lens with a RMS aberration of 30 m\ Hhe maximmn 
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allowable disk tilt in this example is ± 1°, since the maximum allowable waveftont aberration 
is say 70m\ which corresponds to the total RMS taking the objective aberrations and the 
aberrations due to 1* disk tilt, wilii disk tilt (tiltaisic) being compensated by equal objective 
l«is tilt (tiltobj), as shown in the last colunm of Table 1. 

5 

Table 1: 



Disc tilt 


Obj. tilt 


BMS without 


RMS with 


RMS with 


n 


n 


condensation 


optimimi 


tilt<nsk = tilttfbj. 






[mX] 


compensation 


compensation 








[mX] 


[mX] 


0.1 


0.085 


13.6 


3.75 


4.57 


0.2 


0.17 


27.2 


7.54 


9.23 


0.3 


0.25 


40.9 


11.4 


14.1 


0.4 


0.33 


54,4 


15.5 


19.3 


0.5 


0.42 


68.1 


19.8 


24.8 


0.6 


0.50 


81.7 


24.3 


30.8 


0.7 


0.58 


95.3 


29.1 


37.3 


0.8 


0.66 


108 


34.2 


44.4 


0.9 


0.75 


123 


39.7 


52.1 


1.0 


0.83. 


136 


45.5 


60.5 



In the embodiments described above, the oblique areas A, B; C, D are at the 
front surface of the objective lens 10. Alternatively, they can also be located at the back 

10 surface or on a different surface of the objective lens system. In any chosen arrangement, the 
redirected part of the beam should not be focussed on a surface of the record carrier, unlike 
the main beam which is focussed on an information surface of the disk. The surface carrymg 
the structure, besides tiie oblique areas A and B, does not necessary to be perpendicular to the 
optical axis. However, it is preferably planar and if other orientations are selected the angles 

15 of orieatadon described above will be different 

Whilst in the above embodiment the optical scanning device is a DVD device, 
it should be understood that the invention can be used in all optical disk drivM where disk tilt 
is a problematic feature. Furthermore, whilst in the second embodiment the second source is 
the CD laser source, other types of second radiation sources may be used. 
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In the above second enoLbodiment, a single detector is used to detect the both 
the redirected and reflected parts of the beam; alternatively two separate position sensitive 
detectors may be used to detect each part separately, and the two parts may be separated 
respectively by arranging the inclinations of the redirecting structure portions appropriately. 
5 The above embodimaits are to be understood as illustrative examples of tiie 

invention. Further embodiments of the invention are envisaged. It is to be understood that 
any feature described in relation to any one embodiment may be used alone, or in 
combination with other features described, and may also be used in combination with one or 
more features of any other of the embodiments, or any combination of any other of the 
10 embodiments. Furthermore, equivalents and modifications not described above may also be 
employed without departing firom the scope of the invention, which is defined in the 
accompanying claims. 
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CLAIMS: 2 I 10, VUU? 



1 . An optical scaiming device for scanning an optical record carder using a 
radiation beam, said device comprising an optical system for focusing the radiation beam to a 
spot on an information layer in the record carrier, and a detection system (16) comprising an 
information signal detector (18) arranged to receive radiation from a main part of a radiation 
beam after reflection of the main part at the record carrier and to detect an information signal 
therein, 

wherein the optical system comprises a redirecting structure (26; 126) 
arranged to redirect a part (17) of a radiation beam, when travelliug towards the record 
carrier, differently to a main part (15) of the radiation beam, such that the redirected beam 
part follows a path which is different to that of a path followed by the main beam part, and 

wherein the detection system comprises a position sensitive detector (26) for 
detecting a position of the redurected beam part* 

2. An optical scanning device according to any preceding claim, wherein said 
redirecting structure (26; 126) comprises a refractive redirecting portion. 

3. An optical scanning device according to claim 2, wherein the redirecting 
stmcture (26; 126) comprises a substantially flat surface portioiL 

4. An optical scanning device according to any preceding claim, wherein the 
redirecting structure (26; 126) is formed as part of an objective lens system in the optical 
system. 

5- An optical scanniug device according to any preceding claim, wherein the 
redirecting stmcture (26; 126) is formed on a surface of a lens element 

6- An optical scanning device according to claim 5, wherein the redirecting 
stmcture (26; 126) is arranged as a non-rotationally syamaetric variation in a sur&ce of the 
1^ element 
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7^ An optical scanning device according to claim 5 or 6, wherein the redirecting 

structure (26; 126) comprises a surface portion which is inclined with respect to the 
surrounding lens surface. 

5 

g An optical scanning device according to any preceding claim, wherein the 

redirecting structure ^"6; 126) is arranged to covei' leSrtJ^r5%isf1lKrc*OBS-5e^ ateanof 

a radiation beam. 

jQ 9 An optical scaxming device according to any preceding claim, wherein the 

redkecting structure (26; 126) comprises a first portion (A; C) for redirecting the beam part 
when travelling towards the record carrior and a second portion (B; D) for redirecting the 
beam part after reflection firom the record carrier. 

1$ 10. An optical scanning device according to any preceding claim, wherein the 

optical system comprises a reflective portion (D) arranged to reflect a part of a radiation 
beam suxdi that the reflected beam part follows a path which is different to a path which is 
followed by a main beam part of the radiation beam, and wherein the detection system 
comprises a position sensitive detector (26) for detecting a position of the reflected part 

20 

11: An optical scanning device according to claim 9 and 10, wherein said second 

portion and said reflective portion are formed as a single structural element (D). 

12. An optical scanning device according to claim 1 1 , wherein inclinations a and 

25 /3 of said first and second portions respectively are as follows: 

where n is a refractive index of the redirecting structure. 



13^ An optical scanning device afccording to any of claims 10 to 12, wherein the 

30 detection system comprises a single position sensitive detector (26) for detecting both the 
redirected beam part and the reflected beam part. 
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14. An optical scanning device according to any of clain:is 10 to 13, comprising a 
first radiation source generating a first radiation beam of a first wavelength and a second 
radiation source generating a second radiation beam of a different second wavelength, and 
wherein the reflective portion (D) is selectively reflective in relation to one of the first and 
second wavelengths. 

15. An optical scaaaning device according to claim 14, wherein the radiation 
source generating the second beam is arranged to be selectively modified in intensity to vaiy 
the relative intensities of the redirected beam part and the reflected beam part. 
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This invention relates to an optical scanning device for scanning an optical 
record carrier and detecting a tilt characteristic of the optical record carrier during scanning. 
The device includes a redirecting structure (26) arranged on an objective lens (10) to redirect 
a part of a radiation beam, when travelling towards the record carrier, differently to a main 
part of the radiation beam. The redirected beam part follows a path which is different to that 
of a path followed by the main beam part, towards a position sensitive detector in a detection 
system (16), 
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